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Abstract 
The article examines the impact of the transport capacity of the territory road planning. 
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1. Number of vehicles 
The assessment of minimally acceptable density of different functional classification road network is the most 
urgent thing for developed areas – large localities and conurbations. Daily pendulum labor migrations, served by 
roads are being developed between districts with residential development and places of employment. In Russia, in 
the vast majority of cases, roads work without any alternatives lines of communication, e.g. without rail passenger 
transport (subway, tram, local train etc.), which also does not serve as “door-to-door” transport. Thus, while making 
first approximation estimates, may be accepted an approximation for implementation of the whole volume of work 
by the automobile transport on the road network.       
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In this case, the assessment of the sufficiency of road network with different functional classification 
development is determined by the demand for transport services, which is characterized by the peak hours volumes.  
The number of vehicles departing from residential area during morning peak hour in a working day of the week – 
Np (daily pendulum labor migration), can be estimated from the formula: 
Nр = S x k  x P x G / 1000, vhc. (1) 
where: S – area of considered developed district (ha); k – departure factor, showing the percentage vehicle’s park, 
departing to the road or street network; P – level of motorization (the quantity of vehicles per 1000 of residents);  
G – population density, pers/ha. 
If the developed district population is unknown, then it might be approximately estimated based on available data 
concerned with population density and number of storeys in residential buildings. According to Urban planning 
standards of Moscow region (2012), e.g. for Moscow region localities with population more than 100 thousands 
people, located in steady resettlement urban systems (conurbations with the highest density of population), the 
relation between population and number of storeys in residential area is expressed by the following chart in Fig. 1. 
 
Fig. 1. The relation between population and number of storeys in residential area according Urban planning standards of Moscow region (2012). 
The chart in Fig. 1 with reliability R2 = 0,9922 is described by the equation 
G = 0,0825L3 - 3,005L2 + 38,359L + 85,029 (2) 
where L – number of storeys in residential area. Then estimated number of residents (M) may be determined from 
the expression: 
ܯ ൌ σ ሺܵ௅ ൈ ܩሺܮ௜ሻሻ௡௅ୀଵ ൌ σ ሺܵ௅ ൈ ሺͲǡͲͺʹͷܮଷ െ ͵ǡͲͲͷܮଶ ൅ ͵ͺǡ͵ͷͻܮ ൅ ͺͷǡͲʹͻሻሻ௡௅ୀଵ  (3) 
where SL – building area with number of storeys L. 
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Accordingly, the number of departing vehicles during peak hour from residential area in a working day is 
determined from the following equation: 
௥ܰ௘௚ ൌ ௞ൈ௉ଵ଴଴଴ ൈ σ ሺܵ௅ ൈ ሺͲǡͲͺʹͷܮଷ െ ͵ǡͲͲͷܮଶ ൅ ͵ͺǡ͵ͷͻܮ ൅ ͺͷǡͲʹͻሻሻ௡௅ୀଵ  (4) 
where:   
Nreg – the number of vehicles, departing from residential area during a working day peak hour;  
L – the number of storeys in residential area 
SL – residential houses area with number of storeys L, ha; 
k – departure factor, showing the percentage vehicle’s park, departing to the road or street network; 
P – level of motorization (the quantity of vehicles per 1000 of residents). 
2. The possibility of placing on the road 
It is needed to place such amount of vehicles on the streets (roads) of considering district and not only “place” 
but provide the ability for them to move with some given speed. 
Table 1 (Vasiliev, 1990) shows the number of vehicles which might be placed on one or two lines while 
maintaining safety conditions for their movement depending on the speed: 
Table 1. The number of vehicles to be placed on 1 km of the road (traffic density – m). 
Number of lanes the number of vehicles which might be placed on 1 km of the road with the speed, km/h 
20 60 80 
One lane 
Two lane (movement in one direction) 
28 
48 
19 
32 
11 
19 
Using the index “traffic capacity” it is possible to assess the road and street network size (length – Lroad), enough 
to provide and deploy safety movement for resident’s vehicles: 
Lroad – Nreg /m km – calculated for movement in one direction (5) 
The required road network (road and street) length allows solving the questions concerned with network density, 
number of roads (streets) and lanes on them. Within urban (district) road network planning appears ability for 
solving problems, such as parameters of location and assignment for different purposes arterials and residential 
streets, in a reasonable way considering public transport demands and urban planning problems.  
For example, let’s consider a residential district with dimensions 2000 × 2000 m (400 ha square) and 11 storey 
buildings. According to graph in Fig. 1 and relations (2), (3), (4) the number of residents is assessed to be 
101 200 persons, and the number of vehicles – with the level of motorization 300 vehicles per 1000 residents – 
30 360 untis.  
Observations show that not all residents depart to work by their vehicles every day (except for emergency cases). 
Daily departure factor is usually between 0.1 and 0.5, depending on the level of public transport development. 
Public transport is developed enough in the district under consideration so the departure factor is appoint to be 0.2. 
Then the number of daily leaving vehicles is 6 072 units.    
Urban planning scheme (roads and streets) for the area under consideration is essential for the transport service 
quality. The carried out analysis has shown, that the most rational are rectangular and rectangular-diagonal road 
(street) planning schemes. So as the district is small – only 400 ha, then choose the rectangular planning scheme. 
The next step is – dimensioning block sides of residential development. The number of roads (streets) on the district 
territory depends on it.  
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Fig. 2. Rectangular urban planning scheme example (New York). 
An inexpediency of large-sized blocks were shown by Vasiliev (1990) and Vukan R. Vuchik (2011). So, drawing 
on the experience of foreign (Europe, USA) and Russian (till the beginning of 30th years of the XX century) cities, 
let’s assign 100 m length for the block (1) sides in our example. To ease the calculation all the blocks are square 
shaped. Then the district with side lengths of 2000 m will have 20 one-way movement streets and 20 cross-
-movement streets. Their total quality is 40. The overall length is 80 km (40 streets × 2 km).     
Let’s assign the vehicle speed. Two speeds should be chosen for comparison – 20 and 60 km/h. In this case, on 
1 km of length will be located: 
Number of vehicles 
 V = 20 km/h V = 60 km/h 
with one lane 28 19 
with two lanes and one-way movement 48 13 
 
It is advisable to adjust the figures shown according to the road marking, heavy traffic and thereby large 
problems with lane changing on the transit sections of road. Because of that, for the next calculations, we should 
consider 28 vehicles per 1 km as 1 lane traffic density for 20 km/h, and 19 vehicles per 1 km for 60 km/h. 
Unidirectional (pendulum) vehicle movement mode – to or from work – allows to determine average number of 
vehicles to be located on 1 km of the road (street), according to their quantity in a district: 6 072 un./80 km = 
75.9 un/km.  
It is clear that to provide vehicle movement in one direction with the design speed: for 20 km/h – 75.9/28 = 
3 lanes, for 60 km/h – 4 lanes are required.   
Road and street network density is 80 km/4 km2 = 20 km/km2, what is quite comparable with Barcelona road and 
street density – 16.88 km/km2. Street network density is easy to regulate by changing block dimensions. 
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100 × 100 m are taken in the example, but we can take 200 × 200 m, then road and street network will decrease 
twice till 10 km/km2. 
The assessment of the part of district which is occupied by the road and street network traveled way is also 
a matter of interest. 3 lanes for movement in one direction are required for 20 km/h speed. In respect that travelled 
way is symmetrical in reference to street or road axis, 6 lanes are required. With a lane width of 3.5 m the full 
travelled way width is 21 m. Thus road and street network traveled way square is (80 000 m × 21 m)/4 000 000 m2 = 
0.42, i.e. 42% of the territory must be occupied by the travelled way. But if reverse movement principle is used then 
this index might be decreased till 0.28–0.35 (with 4–5 lanes of movement). 
3. Necessary transport capacity 
Enounced method of calculating roads and streets quantity and their travelled way widths in localities based on 
transport capacity allows not only to solve the problems concerned with road and street network planning scheme, 
it’s density and branching, but also points at the necessity for regulating the number of vehicle park, the ability of 
design speed selection (while ensuring safety) and even at the necessity for balancing between the number of 
storeys, the density of the residential area (the number of residents and vehicles depends on it) with the road and 
street network density.     
The second possible way for making road and street network adequacy analysis is to make an assessment of 
required number of lanes on the arterial network roads (speed roads and arterial within localities) and road and street 
network density demand prediction, based on the arterial network length similar to common practice of the formed 
districts and levels of service for users which are being provided by their road and street networks. The number of 
lanes on arterial roads and streets passing through developed district may be defined as the number of lanes needed 
for serving the total number of vehicles transiting by the arterial road network and departing from the residential 
district to the center of attraction.  
Ntot = Ndis + Ntrans (6) 
where: 
Ndis – the number of vehicles, departing from residential area during a working day peak hour; 
Ntrans – the number of vehicles transiting by the arterial road network within residential area during a working day 
peak hour. 
The required number of lanes is determined by the need of passing formed amount of traffic by the formula 
above based on one lane capacity according to the way of arterial network traffic control: continuous or regulated. 
݊ ൌ ݂ሺܰሻ ൌ ே೟೚೟ʞ  (7) 
where: 
n – required number of lanes on the arterial network; 
П – one lane capacity, adjusted vehicles per hour. 
The lane and also the road capacity might be determined according to the techniques for given level of service 
(required traffic flow parameters) in accordance with Highway Capacity Manual (2010). 
One lane capacity for arterial streets and roads in localities and cities is assigned according to the regulated 
crossroad capacity and is determined with calculation depending on the phase-segregated disperse management. For 
an approximate preliminary calculations capacity П may be taken equal 800 vehicles per lane per hour.   
The total speed roads and arterials network length is determined from the maximum width restriction no more 
than 4 lanes in one direction. This quantity is determined according to practice in providing traffic flow stability on 
such streets and roads – such restriction let reduce the influence of interchange ramp areas on traffic flow stability. If 
the minimal required number of lanes 4 is exceeded then it necessary to plan two parallel roads. 
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Based on the above, the total speed roads and arterials length might be determined as the sum of products of 
district length and width on the quantity of longitudinal and lateral speed roads and arterials. 
 (8) 
where: 
d, h – residential area length and width;  
nd, nh – the number of speed roads and arterials by residential district length and width respectively. 
Distributor and local networks must collect traffic flows from houses and other user attractors and transfer them 
to speed and arterial network, and their length may be determined by the proportion from the length of arterial roads, 
which is practically formed in cities in accordance with the data Highway Functional Classification Concepts, 
Criteria and Procedures (2013). 
As an example of the proposed method the calculation for residential district in Moscow located along 
Varshavskoe highway from MKAD till Nahimovskiy avenue with apartment building from 5 till 16 storeys and 
building density which is comparable with the density of large (with population more than 100 000 residents) 
Moscow region localities is made.  
The area under consideration consists of apartments with the number of storeys from 5 till 16. Average number of 
storeys is taken to be 9, according to the development analysis. By the urban planning standards of Moscow region 
the population per 1 hectare of residential area is determined – 244 residents per ha.   
The current level of motorization is 350 vehicles per 1000 residents. In advance – 500 vehicles per 
1000 residents. Thus the number of vehicles owned by considered area residents is from 86 till 122 per 1 ha of 
residential area. 
Depending on level of motorization households own from 8600 till 12200 vehicles per 1 km2 (100 ha) of 
residential area, respectively.  
As it was stated above, not the whole vehicle park but only it’s departures during peak hour loading period. 
Moreover, it is necessary to take into consideration that the portion of drivers departure against the main flow 
direction (pendulum movement). If the portion of departure is 30% during peak hour, then speed roads and arterials 
must serve from 2600 till 3700 vehicles per hour to the side of urban center of attraction from each residential area 
km2.     
For considered dormitory suburbs with 9.6 km length and 2.1 km width (along Varshavskoe highway from 
MKAD till Nahimovskiy avenue) the area is 20.16 km2, which is almost totally built-up. Approximately taking 
20 km2 for residential area we will get the value of peak hour traffic flow within road and street network to the side 
of urban center of attraction in a range from 52000 (the existing level of motorization) till 74000 (in advance) 
vehicles in one direction, excluding commercial and public transport.  
With the 15% private vehicle park departure level (what is the most suitable for Moscow including the level of 
rapid rail transit development and unlikely for large cities not having underground), it is necessary to serve from 
26000 (the existing level of motorization) till 37000 (in advance) vehicles in one direction, excluding commercial 
and public transport.      
To serve 26000 vehicles during 3 hours, taken as a peak pendulum loading continuity to the side of urban center 
of attraction, including scattered time of the working day start, 4 lanes of speed roads or arterials are minimally 
required, e.i. 1 arterial with 8 lanes in both directions or 2 arterials with 4 lanes each per 2 km developed area width. 
At least 2 arterials with 6 lanes of continuous movement each are required in advance, excluding transit traffic from 
more distant districts (for Varshavskoe highway serving considering dormitory suburbs, calculations were made 
excluding such districts as Butovo, Sherbinka and Podolsk). Traffic density on arterials with traffic control must be 
higher in connection with the capacity reduction at traffic lights. 
Thus, having arterials and speed roads without traffic control, which form urban arterial network, the length of 
arterial network for the considered district will be at least 2 km per each square kilometer of residential area, and 
having arterials with 4 lanes – at least 3 km/km2.     
The obtained network density figures are comparable with the results obtained by the transport capacity method, 
what proves it’s applicability for practical work.  
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